Abstract Reverse total shoulder arthroplasty (RTSA) has been reported to be associated with a complication rate that is four times that of conventional total shoulder arthroplasty. It is the purpose of this article to identify and understand the most common and most serious complications of RTSA and to review current methods of prevention and treatment. The current literature was reviewed to identify type and prevalence of reported complications and to identify risk factors, preventive measures as well as technical details for management strategies for complications of RTSA. The variable accuracy of reporting and the heterogeneity of methodology in the literature limited our study, however, a definitive ranking of most to least common complication emerged. The currently identified most common complication is scapular notching. The clinically most relevant complications are infection, instability and acromial fractures. Haematoma formation used to be very frequent but can be controlled, glenoid component loosening, however, is rare when compared with conventional total shoulder replacement. In conclusion, RTSA is associated with a high rate of complications. Their incidence and the results of their treatment are inconsistently reported. To document and then prevent complications, a standardised monitoring tool including clear definitions and assessment instructions appears necessary.
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Background
Reversal of the physiological ball and socket configuration of the humerus and glenoid results in medialisation and distalisation of the centre of rotation of the shoulder joint and increases the deltoid muscle moment arm thereby allowing recruitment of more deltoid fibres for elevation and abduction. This feature is unique to the reverse total shoulder arthroplasties (RTSA) and valuable [1, 2] particularly for treatment of rotator cuff tear arthropathy [3] [4] [5] [6] [7] [8] , massive irreparable rotator cuff tears without osteoarthritis and failed hemiarthroplasty with irreparable rotator cuff tearing [9, 10] . This clinically successful concept, however, implies changes of joint physiology and biomechanics [4, 11] and might increase the potential for complications. Precise knowledge of the probability and the implications of the various complications for a given indication would be imperative for judicious use of RTSA. Frequent complications have been well described [12] ; the studies in the literature, however, are heterogeneous (e.g. different indications, different prostheses, and different populations) and definitions and requirements for reporting of complications are non-existent. A meta-analysis of currently available data would therefore be unreliable. For the purpose of this study we present complications in the order of frequency of mention in the literature and in two personal series: a first series of 111 cases involving Delta III® (DEPUY) and a second series of 230 cases involving Anatomical Reverse® (ZIMMER, Inc.) prostheses. Complications were identified in the order of frequency (Table 1) . The most frequent complication is scapular notching followed by complications with the glenoid component (e.g. loosening). Haematoma, infections and instability are reported more frequently than neurological complications, fractures of the acromion and complications of the humeral component.
Complications

Scapular notching
The most frequently reported "complication" of RTSA is notching of the bone of the inferior and posterior scapular neck [4, [13] [14] [15] [16] [17] (Fig. 1) . Notching identifies the radiographic appearance of resorption or wear of the lateral pillar of the scapula immediately medial and progressively also superior to the inferior aspect of the glenoid baseplate. Its severity has been stratified by the Nérot classification [18] starting with no visible notching on true anteroposterior radiographs (stage 0) to a resorption which goes beyond the central peg of the glenoid component (stage 4). Although scapular notching is clearly an anatomical complication with partial destruction of the inferior aspect of the glenoid, its clinical relevance is uncertain; in some studies it was clearly associated with an inferior clinical outcome [19] and in others it was considered to be clinically irrelevant [20] . In a remarkable case study, Nyffeler et al. could document that the superior baseplate remained very solidly bound to the underlying bone even though the inferior half of the glenoid had been resorbed [21] . This observation tallies with the fact that revision for notching or for loosening secondary to notching is essentially unreported.
Several preoperative findings have been associated with development of notching; rotator cuff tear arthropathy, fatty infiltration of the infraspinatus, narrowed acromiohumeral distance and a superiorly oriented glenoid are risk factors for developing notching [9] . Operative parameters associated with notching are the anterosuperior approach, high position of the baseplate [9, 22] and inadequate prosthesisscapular neck angle [19] . Inferior positioning of the glenoid baseplate is probably not only imperative to obtain good range of movement but also the most important factor to prevent scapular notching [22] .
Prediction of the likelihood of notching with a sensitivity of 91% and specificity of 88% can be achieved by using the notching index, calculated from the height of implantation of the glenosphere and the postoperative prosthesis-scapular neck angle [19] .
Design parameters of the prosthesis used may be underestimated. A prosthesis which lateralises the centre of rotation is likely to lead to less notching, and a prosthesis which medialises the centre of rotation is likely to lead to more notching [23] . Further, a prosthesis with a high stability index, e.g. a deep concave component, will lead to more notching than a shallow concave component [24] . Currently, the safest methods to prevent notching are inferior positioning of the glenoid baseplate, larger size implants with shallow concave components [7, 24] and, possibly, use of a prosthetic system with less medialisation of the centre of rotation [23] .
Complications of the glenoid component
Reported glenoid complications include glenoid loosening (Fig. 2) , glenoid component dissociation, unscrewing and scapular neck fracture. Glenoid loosening is the most frequent glenoid component complication in RTSA but it is distinctly less frequent than glenoid component loosening in conventional TSA [25, 26] . Loosening has been reported as the most common need for revision [27] . Its prevalence has been documented to be 4.1% after two years, excluding the prostheses which had been removed before a two-year follow-up [1] .
Risk factors for glenoid loosening are female gender, age younger than 70 years and a superolateral approach [1] . Superior tilt, often associated with the superolateral approach, appears as a risk factor for glenoid loosening in both of our series.
Besides specific designs of different reversed prosthesis [28] , biomechanical experiments suggest elements of surgical technique of glenoid fixation play key roles. Accurate placement of the inferior screw in good quality bone [29] (e. g. not excessively reamed glenoid) and caudal positioning [22] have been identified as protective or advantageous with regard to primary stability and range of motion, respectively. Scapular notching has been associated with glenoid loosening [30] ; this, however, has not yet been confirmed as a reliable, clinical risk factor [21, 31] .
Infections have also been linked to loosening [1] , but are considered to be a different problem. They are mentioned because infection should always be ruled out before or during revision of a loose glenoid component.
Once established, treatment of loosening might become challenging. The guiding parameter for decision-making is the remaining scapular bone stock. Simple removal of the loose implant is effective in relieving pain but does not improve shoulder function. Direct glenoid component re-implantation requires sufficient glenoid bone stock [32] . This bone stock can be constructed with an iliac bone graft plus a base plate with a lengthened central peg [33] or with a staged repair, with autogenous cortico-cancellous bone grafting of the glenoid cavity [32] , awaiting integration of the implanted bone using a hemiarthroplasty configuration and reimplantation of a glenoid component after six to nine months [7] . It is currently not established which of the two treatment regimens is superior in well defined clinical situations.
Haematoma
Incidence of haematoma alone, although relatively common, does not affect the overall outcome of RTSA [1] . This might be contributing to a potential underreporting in the currently available studies. No specific risk factor could be associated with development of haematoma [1] . Haematoma formation is, however, a substantial risk factor for the development of infection [34] . As infection is very frequent in RTSA, great care should be made to prevent haematoma formation. Whether fibrin sealants [7] or suction drainage are truly helpful is not established. If a major haematoma forms, surgical evacuation and lavage of the joint should be considered.
Infection
Infection is reported to be less frequent in conventional TSA than in knee or hip arthroplasty [35] . Conversely, the incidence of infections after primary RTSA is around 5% (Table 1) , thus substantially higher than in conventional TSA and similar to hip or knee arthroplasty [31, 35] . The reasons for the extraordinarily high infection rate are multifactorial. The large dead space caused by the reverse configuration of the joint has been accused. The arthroplasty is not surrounded and covered by living tissue in the absence of musculotendinous rotator cuff tissue. Patient related factors are advanced age [1] and multiple previous operations [36] . Those series with many revision revised rather than primary replacements report higher infection rates [2] . Perioperative factors associated with increased rate of infection are haematoma [34] and lack of perioperative antibiotic prophylaxis.
In the series of Molé and Favard [1] , the most commonly identified organism was propionibacterium acnes. This bacterium typically produces late, chronic, relatively low grade infections, colonisation of loose prostheses and, exceptionally, acute postoperative infections [37] . It is likely to be present in more revision cases than suspected [38] .
Infection of a RTSA should be considered to be present in a patient with persistent pain, a CRP over 10 mg/l and/or ESR over 30 mm/h. In an analogy to total knee replacements, joint fluid aspirates with more than 1100/mm 2 and over 64% of neutrophils are considered to be proof of infection until proven otherwise [39] . For shoulder prosthesis, this criteria however might not be sensitive enough [40] .
It has been recommended that not only proven but also suspected infections should be revised operatively [41] . Perioperative antibiotic prophylaxis should not be withheld for revision surgery if infection is considered [42] since it appears not to affect the sensitivity of Fig. 4 Staged treatment of infected reverse total shoulder arthroplasty (RTSA). Radiological anteroposterior view of implanted cement spacer (a) as treatment for an infected RTSA (Fig. 3) and late re-implantation of RTSA (b) with reasonable clinical results (c-e) intraoperative cultures substantially. Treatment of acute infection using antibiotics and debridement may be effective [1] . Debridement with retention, irrigation and suction and intravenous antibiotics is a choice for infections with symptoms less than three weeks in a stable prosthesis and no growth on preoperative cultures [41] . This regimen, however, is ineffective in chronic or late infections [1, 36] . There is not enough evidence to definitively suggest two-staged over single stage revision surgery for infected shoulder prosthesis, particularly for RTSA, but there appears to be a tendency to use a staged approach for late infections (Fig. 3) with debridement, implantation of an antibiotic coated spacer and late reimplantation of RTSA [1, 43] (Fig. 4) .
Instability
Instability at the interface of ball and socket is usually detected at its full range, which is dislocation (Fig. 5) . The incidence of instability of RTSA ranges from 0 to 14% in heterogenic studies with mostly limited number of cases and different definition of instability. However, in large less heterogenic series, 3.4% of RTSA were unstable and this exclusively in the anterior and anterolateral direction [1] . Biomechanically, lack of compressive forces followed by shallow socket depth are the main parameters associated with instability [44] . Small glenoid size, deltopectoral as opposed to superolateral approach and poor subscapularis muscle (higher than Goutallier grade 3) have also been associated with increased risk of instability [1] . Further, ensuring adequate humeral length [45] is likely to decrease instability of RTSA. Most cases of dislocations occur during the first few months after implantation. In such cases surgical error appears likely and closed reduction alone is often associated with recurrence. Late dislocations (more than one year after implantation) can in most cases be successfully treated by closed reduction [1] without recurrence.
Fracture of the acromion
If a RTSA is indicated, the acromion is usually eroded from the underlying head, brittle or potentially already fractured. If the subscapularis muscle is intact, the erosion is posterior and may involve the scapular spine. After reconstruction with a RTSA, the arm is lengthened by approximately 2.5 cm over normal length. This implies that the tension of the deltoid increases. In addition, with the substantially longer lever arm of the deltoid due to medialisation of the centre of rotation, loads on the acromion increase. Fracture of the acromion is therefore not surprising and was found to occur in 3% of the 527 RTSA investigated by Molé and Favard [1] . Potential risk factors were a deltopectoral approach [1] and high tension of the deltoid muscle produced by excessive lateralisation and humeral lengthening. The best treatment option for acromial fractures after RTSA remains uncertain [46] . It appears, however, that the fractures of the scapular spine have to be interpreted very differently [46] . Whereas acromial fractures can be treated conservatively without major dysfunction of the shoulder, this is not the case for spine fractures that result in displacement, pain and dysfunction and may require open reduction and internal fixation [46] .
Other complications
Poor screw placement was identified as the most common intraoperative complication, followed by medial vault penetration, too large central glenoid hole, glenoid fracture, calcar fractures and humeral shaft fracture. Higher intraoperative complication rates have been reported recently [47] . Early postoperative complications include heterotopic ossification [12] .
Potentially relevant neurological complications involving the brachial plexus or the axillary nerve are rare and mostly reversible during the first three postoperative months [1] . If monitored, other neurological complications such as radial nerve palsy might be more frequent in RTSA in management of humerus fractures [48] .
Partial disengagement of the glenosphere seems not to be associated with poor functional outcome in the early postoperative stage [1, 49] ; but if complete, requires revision surgery [49] .
Humeral complications include fractures as the most common contributor, followed by migration and loosening. The latter is almost always associated with another complication such as infection or instability [1] .
Discussion
The very high complication rate of RSTA is currently accepted because the enormous improvement of shoulder function and the quality of life following implantation for appropriate indications. Furthermore, if the prosthesis can be retained during the treatment of any complication, the outcome is still remarkable.
All complications, which require removal of the implant, however, leave the patient with very poor function. Therefore, prevention of all the complications likely to lead to removal of the implant should be studied in detail. Currently we lack definitions of complications and standards of reporting adverse events; prospective studies with clearly documented outcome parameters are at best, rare. A reasonable meta-analysis of the currently available data seems therefore worthless. We are left with careful analysis and interpretation of available evidence to illuminate and understand the most common complications, their potential risk factors and reasonable management strategies.
The lack of large series such as the one reported by Molé and Favard [1] impedes progress. Specifically, we have only very limited series relating to RTSA in specific indications but we need to know how likely each complication is in a specific patient and not in completely different circumstances. We feel that the frequent use of RTSA should mandate the orthopaedic community to introduce a common reporting tool to monitor the true results and complications of RTSA.
